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(57) ABSTRACT 

A pillar-shaped honeycomb structure has a plurality of cells 
longitudinally placed in parallel With one another With a Wall 
portion therebetWeen, Wherein the honeycomb structure 
mainly includes inorganic ?bers Which form the honeycomb 
structure Without lamination interfaces. 



Patent Application Publication Oct. 16, 2008 Sheet 1 0f 10 US 2008/0254254 A1 

Fig.1A 

Fig.1B 

Fig.1C 



Patent Application Publication Oct. 16, 2008 Sheet 2 0f 10 US 2008/0254254 A1 

Fig.2A 

Fig. 28 j. 



Patent Application Publication Oct. 16, 2008 Sheet 3 0f 10 US 2008/0254254 A1 

Fig.3 



Patent Application Publication Oct. 16, 2008 Sheet 4 0f 10 US 2008/0254254 A1 

Fig. 4A 

EIUEHJEIUEID 
UUDDIIIEIDU 

123 

Fig.4B 



Patent Application Publication Oct. 16, 2008 Sheet 5 0f 10 US 2008/0254254 A1 

Fig.5 

79 
‘m 72 

S 
75 

i 
i 
I 
i 



Patent Application Publication Oct. 16, 2008 Sheet 6 0f 10 US 2008/0254254 Al 

F i g. 6A 

(ll) 

(VI) 24 24 (V) (IV) 3 

UUUUUU UUDUUDDU IUDDUUUUDU DUDDUUUUUU UUDUUUUUDU UDUUUUUUUU 



Patent Application Publication Oct. 16, 2008 Sheet 7 0f 10 US 2008/0254254 A1 

Fig. 7A 

DEJUUUUUU 
CIDEJDDUUUDE] 
DDEIDDEIDDDEI 
UUDDUDDDDEI 
UDUUDUUUUE] 
DUDUUUDD 
EIEHIIDEIEI 
DUDE! 

Fig. 7B 



Patent Application Publication Oct. 16, 2008 Sheet 8 0f 10 US 2008/0254254 A1 

Fig. 8A 

48 48 48 

UL'UMUUUli'iii'mllii 

O 
BEBE 

SUBBED 
UCIDDSDCSU 

UUUUDUUUUI 

ODDIDDDUUDUEIW 
DCIIDDEIBDUBD 
DUGEIUUUDDEII 
UIUUDUUDU 
DECIDED 
DUDE 

O 

Fig, 88 44b 



Patent Application Publication Oct. 16, 2008 Sheet 9 0f 10 US 2008/0254254 A1 

125 

200 

Fig. 9 

124 



Patent Application Publication Oct. 16, 2008 Sheet 10 0f 10 US 2008/0254254 A1 

Fig.10 

Pressure 
meter 

178 



US 2008/0254254 A1 

HONEYCOMB STRUCTURE AND METHOD 
FOR MANUFACTURING HONEYCOMB 

STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
PCT/JP2006/326285 ?led on Dec. 28, 2006, entitled “HON 
EYCOMB STRUCTURE, METHOD FOR MANUFAC 
TURING HONEYCOMB STRUCTURE, HONEYCOMB 
FILTER AND METHOD FOR MANUFACTURING HON 
EYCOMB FILTER,” Which claims priority of Japanese 
Patent Application No. 2006-127694 ?led on May, 1, 2006. 
The contents of these applications are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a honeycomb struc 
ture and a method for manufacturing the honeycomb struc 
ture. 

[0004] 2. Discussion of the Background 
[0005] Particulate matters such as soot (hereinafter, also 
referred to as PMs) are contained in exhaust gases discharged 
from an internal combustion engine such as a diesel engine, 
and in recent years, these PMs have raised serious problems 
as contaminants harmful to the environment and the human 
body. 
[0006] For this reason, various ?lters using ceramics hon 
eycomb ?lters including cordierite, silicon carbide or the like 
have been proposed as ?lters that capture PMs in exhaust 
gases to purify the exhaust gases. Moreover, various ?lters of 
a lamination type, manufactured by laminating lamination 
members having through holes therein, have been proposed 
(for example, see WO 2005/000445A). 
[0007] FIG. 1A is a perspective vieW that schematically 
illustrates one speci?c example of such a lamination-type 
honeycomb ?lter Which is formed by laminating lamination 
members, each including a sheet-shaped inorganic ?ber 
aggregated body With through holes, and FIG. 1B is an A-A 
line cross-sectional vieW of FIG. 1A. FIG. 1C is an enlarged 
cross-sectional vieW of a portion illustrated by B in FIG. 1B. 
[0008] A honeycomb ?lter 100 has a cylindrical structure in 
Which a number of cells 111 having either one of the ends 
sealed are longitudinally placed in parallel With each other 
With a Wall portion 113 therebetWeen. 

[0009] In other Words, as illustrated in FIG. 1B, each of the 
cells 111 has either one of the end corresponding to the inlet 
side or the outlet side of exhaust gases sealed, so that exhaust 
gases, introduced into one cell 111, are alloWed to How out 
from another cell 11 1, after alWays having passed through the 
Wall portion 113 separating the cells 111; thus, the Wall por 
tion 113 is alloWed to function as a ?lter. 

[0010] As illustrated in FIGS. 1A and 1B, the honeycomb 
?lter is formed as a laminated body by laminating lamination 
members 110a having a sheet shape With a thickness of 0.1 to 
20 mm, and the lamination members 1 1011 are laminated, With 
through holes superposed on one another in the longitudinal 
direction. 

[0011] Here, the state in Which the through holes are lami 
nated so as to be superposed on one another refers to a state in 
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Which the through holes formed in the adjacent lamination 
members are superposed successively so as to communicate 
With each other. 
[0012] Moreover, a lamination member for an end portion 
10b having through holes formed in a checkered pattern 
therein is laminated on each of the tWo end portions thereof so 
that either one of the ends of each of the cells 111 is sealed by 
the lamination member for an end portion 10b. 
[0013] In order to form the respective lamination members 
into a laminated body, the lamination members 110a and the 
lamination member for an end portion 10b are laminated in a 
casing (metal tube-shaped (cylindrical) body) to be attached 
to an exhaust-gas pipe, and pressure is applied thereto. Thus, 
a honeycomb ?lter 100 is formed. 
[0014] When an exhaust-gas purifying ?lter including a 
honeycomb ?lter having this structure is installed in an 
exhaust passage of an internal combustion engine, PMs in 
exhaust gases discharged from the internal combustion 
engine are captured by the Wall portions 113 While passing 
through this honeycomb ?lter so that the exhaust gases are 
puri?ed. 
[0015] The contents of WO2005/000445A are incorpo 
rated herein by reference in their entirety. 

SUMMARY OF THE INVENTION 

[0016] According to a ?rst aspect of the present invention, 
a pillar-shaped honeycomb structure includes a plurality of 
cells extending along a substantially longitudinal direction of 
the honeycomb structure With a Wall portion therebetWeen, 
and inorganic ?bers Which form the honeycomb structure 
Without lamination interfaces. 
[0017] According to a second aspect of the present inven 
tion, a method for manufacturing the honeycomb structure 
includes mixing inorganic ?bers A With inorganic ?bers B 
and/or inorganic particles C to prepare a mixture, the inor 
ganic ?bers B and inorganic particles C having a melting 
temperature Which is loWer than a melting temperature or a 
sublimating temperature of the inorganic ?bers A. The mix 
ture is extrusion-molded to form a pillar-shaped molded body 
having a number of cells formed in a longitudinal direction, 
by using a die having holes. The pillar-shaped molded body is 
heated at a temperature equal to or loWer than a heat-resistant 
temperature of the inorganic ?bers A and at the temperature 
equal to or higher than a softening temperature of the inor 
ganic ?bers B and/or the inorganic particles C to produce a 
honeycomb structure. 
[0018] According to a third aspect of the present invention, 
a method for manufacturing the honeycomb structure 
includes mixing inorganic ?bers A, inorganic ?bers B and/or 
inorganic particles C, and resin to prepare a mixture, the 
inorganic ?bers B and inorganic particles C having a melting 
temperature Which is loWer than a melting temperature or a 
sublimating temperature of the inorganic ?bers A, and pro 
viding a tube-shaped container having a plurality of cores 
therein. The cores are provided substantially in parallel With 
a longitudinal direction of the tube-shaped container and 
provided in a lattice pattern on a plane surface substantially 
vertical to the longitudinal direction. The mixture is ?lled into 
the container, and the resin contained in the mixture is cured 
to form a cured resin body. The cores are removed from the 
cured resin body to provide a pillar-shaped molded body 
having a number of cells formed in a longitudinal direction. 
The pillar-shaped molded body is heat-degreased to remove 
organic substances from the pillar-shaped molded body. The 
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degreased body is further heated at a temperature equal to or 
lower than the heat-resistant temperature of the inorganic 
?bers A and equal to or higher than the softening temperature 
of the inorganic ?bers B and/or the inorganic particles C to 
produce a honeycomb structure. 
[0019] According to a fourth aspect of the present inven 
tion, a method for manufacturing a honeycomb structure 
includes mixing inorganic ?bers A, inorganic ?bers B and/or 
inorganic particles C, and resin to prepare a mixture. The 
inorganic ?bers B and inorganic particles C have a melting 
temperature Which is loWer than a melting temperature or a 
sublimating temperature of the inorganic ?bers A. The mix 
ture is ?lled into a frame member Which includes a bottom 
plate, pillar members for forming cells of the honeycomb 
structure, and an outer frame formed so as to enclose a periph 
ery of the bottom plate and the pillar members. The Pillar 
members are connected to the bottom plate extending sub 
stantially perpendicularly to the bottom plate and arranged in 
a lattice pattern on the bottom plate. The resin contained in the 
mixture ?lled into the frame member is cured to form a cured 
resin body, and the pillar members are removed from the 
cured resin body and the frame member is detached to form a 
pillar-shaped molded body having a number of cells formed 
in a longitudinal direction. The pillar-shaped molded body is 
heat-degreased to remove organic sub stances from the pillar 
shaped molded body. The degreased molded body is heated at 
a temperature equal to or loWer than the heat-resistant tem 
perature of the inorganic ?bers A, and equal to or higher than 
the softening temperature of the inorganic ?bers B and/ or the 
inorganic particles C to produce a honeycomb structure. 
[0020] According to a ?fth aspect of the present invention, 
a method for manufacturing the honeycomb structure 
includes using a vessel having a vessel main body, a mesh 
formed on a bottom portion of the vessel main body, pillar 
shaped masks that are installed substantially vertically to the 
mesh and in a lattice pattern on the mesh and that are used for 
forming cells of the honeycomb structure, and a liquid-?lling 
cavity formed betWeen the pillar-shaped masks. Inorganic 
?bers A are mixed With inorganic ?bers B and/or inorganic 
particles C to prepare a mixture. The inorganic ?bers B and 
inorganic particles C have a melting temperature Which is 
loWer than a melting temperature or a sublimating tempera 
ture of the inorganic ?bers A. The mixture is provided into the 
liquid-?lling cavity. By discharging moisture from the mix 
ture through the mesh to dehydrate the mixture, a dehydrated 
body is formed. The pillar-shaped masks are removed from 
the dehydrated body to provide a pillar-shaped molded body 
having a number of cells formed in a longitudinal direction. 
The pillar-shaped molded body is heated at a temperature 
equal to or loWer than the heat-resistant temperature of the 
inorganic ?bers A and equal to or higher than the softening 
temperature of the inorganic ?bers B and/or the inorganic 
particles C to produce a honeycomb structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] A more complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by reference 
to the folloWing detailed description When considered in con 
nection With the accompanying draWings. 
[0022] FIG. 1A is a perspective vieW that schematically 
illustrates a speci?c example of a lamination-type honey 
comb ?lter Which is formed by laminating lamination mem 
bers. Each lamination member includes a sheet-shaped inor 
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ganic ?ber aggregated body With through holes, FIG. 1B is an 
A-A line cross-sectional vieW of FIG. 1A, and FIG. 1C is an 
enlarged cross-sectional vieW of a portion indicated by B in 
FIG. 1B. 
[0023] FIG. 2A is a perspective vieW that schematically 
illustrates one speci?c example of a honeycomb ?lter in 
Which lamination members for end portions are laminated on 
each of the tWo end portions of a honeycomb structure 
according to one embodiment of the ?rst aspect of the present 
invention, and FIG. 2B is an A-A line cross-sectional vieW of 
FIG. 2A. 
[0024] FIG. 3 is a cross-sectional vieW that schematically 
illustrates one portion of inorganic ?bers that form the hon 
eycomb structure according to one embodiment of the ?rst 
aspect of the present invention. 
[0025] FIG. 4A is a perspective vieW that illustrates a hon 
eycomb structure and a lamination member for an end portion 
according to one embodiment of the ?rst aspect of the present 
invention, and FIG. 4B is a perspective vieW that illustrates a 
state in Which the honeycomb structure and the lamination 
member for an end portion, illustrated in FIG. 4A, are lami 
nated so that a honeycomb ?lter is manufactured. 
[0026] FIG. 5 is a cross-sectional vieW that schematically 
illustrates a plunger-type molding machine to be used for 
molding a pillar-shaped molded body. 
[0027] FIGS. 6A(I) to (VI) are draWings that schematically 
illustrate processes from a process of vertical installation of 
cores to a core removing process in manufacturing processes 
of a honeycomb structure according to one embodiment of the 
third aspect of the present invention, FIG. 6B is a top vieW that 
illustrates a state in Which cores are installed vertically in a 
tube-shaped (cylindrical) container, and FIG. 6C is a perspec 
tive vieW that illustrates one example of a core having a step 
difference. 
[0028] FIGS. 7A(I) to (V) are draWings that schematically 
illustrate processes from a mixture ?lling process to a frame 
member removing process in manufacturing processes of a 
honeycomb structure according to one embodiment of the 
fourth aspect of the present invention, and FIG. 7B is a top 
vieW that illustrates a state in Which pillar members are 
installed vertically in the frame member. 
[0029] FIG. 8A is a draWing that schematically illustrates a 
vessel to be used in manufacturing processes for a honey 
comb structure according to one embodiment of the ?fth 
aspect of the present invention, and FIG. 8B is a top vieW that 
schematically illustrates a pressing plate to be used in a press 
ing process. 
[0030] FIG. 9 is a cross-sectional vieW that schematically 
illustrates one example of an exhaust-gas purifying apparatus 
for a vehicle in Which the honeycomb ?lter With either one of 
the ends of each of the cells in the honeycomb structure being 
sealed according to one embodiment of the ?rst aspect of the 
present invention is installed. 
[0031] FIG. 10 is an explanatory draWing that illustrates a 
pressure loss measuring apparatus. 

DESCRIPTION OF THE EMBODIMENTS 

[0032] The embodiments Will noW be described With refer 
ence to the accompanying draWings, Wherein like reference 
numerals designate corresponding or identical elements 
throughout the various draWings. 
[0033] The honeycomb structure according to the embodi 
ment of the ?rst aspect of the present invention is a pillar 
shaped honeycomb structure having a plurality of cells lon 
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gitudinally placed in parallel With one another With a Wall 
portion therebetWeen, Wherein it mainly includes inorganic 
?bers Which form the honeycomb structure Without lamina 
tion interface. 

[0034] Here, “Without lamination interface” according to 
the embodiments of the present invention refers not to a 
structure in Which the honeycomb structure is formed by 
aggregating some parts, but to a structure in Which it is formed 
as a single inseparable unit or part by integrally forming the 
inorganic ?bers therein. 
[0035] The honeycomb structure according to the embodi 
ment of the ?rst aspect of the present invention mainly 
includes inorganic ?bers With the inorganic ?bers integrally 
formed therein and no lamination interface is formed therein. 
For this reason, it may become easier to provide a structure 
Which can prevent the occurrence of portions in Which inor 
ganic ?bers are distributed comparatively densely in the hon 
eycomb structure, and consequently to manufacture a honey 
comb structure that is free from an increase in the pressure 
loss due to the portions in Which the inorganic ?bers are 
distributed comparatively densely. 
[0036] Moreover, the honeycomb structure according to the 
embodiment of the ?rst aspect of the present invention desir 
ably has the structure in Which either one of the ends of each 
of the cells in the honeycomb structure is sealed, so that the 
honeycomb structure is alloWed to function as a ?lter (here 
inafter, also referred to as a honeycomb ?lter). 

[0037] Furthermore, in the honeycomb structure according 
to the embodiment of the ?rst aspect of the present invention, 
the honeycomb structure With either one of the ends of each of 
the cells being sealed, or the honeycomb structure and the 
lamination members for end portions mainly containing 
metal laminated on each of the tWo end portions of the hon 
eycomb structure are preferably disposed in a metal con 
tainer. 

[0038] The honeycomb ?lter With either one of the ends of 
each of the cells in the honeycomb structure being sealed 
according to the embodiment of the ?rst aspect of the present 
invention mainly includes inorganic ?bers, With the inorganic 
?bers integrally formed therein, and has a structure in Which 
either one of the ends of each of the cells of the honeycomb 
structure having no lamination interface is sealed so that it 
may become easier to prepare a honeycomb ?lter that is 
homogeneous and has a loW pressure loss. 

[0039] The method for manufacturing the honeycomb 
structure according to the embodiment of the second aspect of 
the present invention is a method for manufacturing a honey 
comb structure according to the embodiment of the ?rst 
aspect of the present invention. This method includes mixing 
inorganic ?bers A and inorganic ?bers B and/ or inorganic 
particles C that are melted at a temperature at Which the 
inorganic ?bers A are neither melted nor sublimated (i.e., the 
inorganic ?bers B and/ or inorganic particles C have a melting 
temperature Which is loWer than a melting temperature or a 
sublimating temperature of the inorganic ?bers A); extrusion 
molding the mixture obtained by mixing the inorganic ?bers 
A and the inorganic ?bers B and/ or the inorganic particles C, 
by using a die With predetermined holes formed therein to 
form a pillar-shaped molded body With a number of cells 
formed in the longitudinal direction; and carrying out a heat 
ing treatment on the pillar-shaped molded body With a num 
ber of cells formed in the longitudinal direction at or beloW a 
temperature of the heat-resistant temperature of the inorganic 
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?bers A, and at or above a temperature of the softening tem 
perature of the inorganic ?bers B and/or the inorganic par 
ticles C. 
[0040] In the present speci?cation, the method for manu 
facturing the honeycomb structure according to the embodi 
ment of the second aspect of the present invention is also 
referred to simply as “manufacturing method through the 
extrusion-molding”. 
[0041] In the method for manufacturing a honeycomb 
structure according to the embodiment of the second aspect of 
the present invention, the mixture containing the inorganic 
?bers is extruded by using a die With predetermined holes 
formed therein so that a pillar-shaped molded body is formed, 
and by carrying out a heating treatment on this, a honeycomb 
structure that mainly includes inorganic ?bers can be manu 
factured, With the inorganic ?bers integrally formed therein, 
and has a loW pressure loss, Without the necessity of complex 
processes and expensive apparatuses. 
[0042] Furthermore, by changing the shape of the die, hon 
eycomb structures having various outer shapes and cell 
shapes can be manufactured. 
[0043] The method for manufacturing the honeycomb 
structure according to the embodiment of the second aspect of 
the present invention preferably includes laminating lamina 
tion members for end portions mainly containing metal on 
each of the tWo end portions of the honeycomb structure. 
[0044] In the method for manufacturing the honeycomb 
structure according to the embodiment of the second aspect of 
the present invention, since each of the tWo end portions of the 
honeycomb structure mainly including inorganic ?bers 
Which form the honeycomb structure Without lamination 
interface are sealed by laminating the lamination members 
for end portions mainly containing metal, it is possible to 
manufacture a homogeneous honeycomb structure having a 
loW pressure loss. 
[0045] The method for manufacturing the honeycomb 
structure according to the embodiment of the third aspect of 
the present invention is a method for manufacturing a honey 
comb structure according to the embodiment of the ?rst 
aspect of the present invention. This method includes mixing 
inorganic ?bers A, and inorganic ?bers B and/or inorganic 
particles C that are melted at a temperature at Which the 
inorganic ?bers A are neither melted nor sublimated, as Well 
as resin; installing vertically a plurality of pillar-shaped cores 
in a tube-shaped (cylindrical) container in a manner so as to 
make the long axis direction of the pillar-shaped cores used 
for forming cells in the honeycomb structure in parallel With 
the longitudinal direction of the tube-shaped (cylindrical) 
container that is ?lled in With the mixture obtained by mixing 
the inorganic ?bers A, and the inorganic ?bers B and/ or the 
inorganic particles C, and the resin, as Well as in a manner so 
as to form a lattice pattern in a plan vieW; ?lling the above 
mentioned mixture into the tube-shaped (cylindrical) con 
tainer in Which the cores are vertically installed; curing the 
resin in the mixture ?lled into the tube-shaped (cylindrical) 
container to form a cured resin body; forming a pillar-shaped 
molded body in Which a number of cells have been formed in 
the longitudinal direction, by removing the cores from the 
cured resin body; removing organic substances contained in 
the pillar-shaped molded body in Which a number of cells 
have been formed in the longitudinal direction, by using a 
heat-degreasing operation; and carrying out a heating treat 
ment of the molded body that has been degreased, at or beloW 
a temperature of the heat-resistant temperature of the inor 
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ganic ?bers A, and at or above a temperature of the softening 
temperature of the inorganic ?bers B and/or the inorganic 
particles C. 
[0046] In the present speci?cation, the method for manu 
facturing the honeycomb structure according to the embodi 
ment of the third aspect of the present invention is also 
referred to simply as “manufacturing method by resin-curing 
(vertical installation of cores).” 
[0047] Here, the core refers to a mold Which, in forming a 
molded product (corresponding to the honeycomb structure 
in the present invention) having holloW (empty) portions (cor 
responding to cells in the present invention), is inserted to a 
portion to form each of the holloW (empty) portions. 
[0048] In the method for manufacturing a honeycomb 
structure according to the embodiment of the third aspect of 
the present invention, the mixture, prepared by mixing inor 
ganic ?bers and resin, is ?lled into the container in Which 
cores are installed vertically in a lattice pattern in a plan vieW, 
and after curing the resin, the cores and the resin are removed 
so that a pillar-shaped molded body is formed, and by carry 
ing out a heating treatment on this, a honeycomb structure 
that mainly includes inorganic ?bers can be manufactured, 
With the inorganic ?bers integrally formed therein, and has a 
loW pressure loss, Without the necessity of complex processes 
and expensive apparatuses. 
[0049] Furthermore, since the container and the shape of 
the cores can be easily changed, honeycomb structures With 
various outer shapes, not limited to a pillar shape, and cells 
having various shapes, such as those having a step difference 
inside the bottomed hole, can be manufactured. 

[0050] The method for manufacturing the honeycomb 
structure according to the embodiment of the fourth aspect of 
the present invention is a method for manufacturing a honey 
comb structure according to the ?rst aspect of the present 
invention. This method includes mixing inorganic ?bers A, 
and inorganic ?bers B and/or inorganic particles C that are 
melted at a temperature at Which the inorganic ?bers A are 
neither melted nor sublimated, as Well as resin; ?lling the 
mixture, obtained by mixing the inorganic ?bers A, and the 
inorganic ?bers B and/or the inorganic particles C, and the 
resin, into a frame member, Which is formed by a bottom plate 
on Which pillar members used for forming cells of the hon 
eycomb structure are installed vertically to the main surface 
in a lattice pattern in a plan vieW and an outer frame formed so 
as to enclose the periphery of the bottom plate and the pillar 
member; curing the resin in the mixture ?lled in to form a 
cured resin body; removing the pillar members from the 
formed cured resin body and detaching the entire frame to 
form a pillar-shaped molded body in Which a number of cells 
have been formed in the longitudinal direction; removing 
organic substances contained in the pillar-shaped molded 
body in Which a number of cells have been formed in the 
longitudinal direction, by using a heat-degreasing operation; 
and carrying out a heating treatment of the molded body that 
has been degreased, at or beloW a temperature of the heat 
resistant temperature of the inorganic ?bers A, and at or above 
a temperature of the softening temperature of the inorganic 
?bers B and/or the inorganic particles C. 
[0051] In the present speci?cation, the method for manu 
facturing the honeycomb structure according to the embodi 
ment of the fourth aspect of the present invention is also 
referred to simply as “manufacturing method through the 
resin-curing (metal molding).” 
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[0052] In the method for manufacturing a honeycomb 
structure according to the fourth aspect of the present inven 
tion, the mixture, prepared by mixing inorganic ?bers and 
resin, is ?lled into the frame member in Which pillar members 
are placed so as to stand in a lattice pattern in a plan vieW, and 
after curing the resin, the frame member is removed so that a 
pillar-shaped molded body is formed, and by carrying out a 
heating treatment on this, a honeycomb structure that mainly 
includes inorganic ?bers, With the inorganic ?bers integrally 
formed therein, and has a loW pressure loss, can be manufac 
tured Without the necessity of complex processes and expen 
sive apparatuses. 
[0053] Furthermore, by changing the shapes of the pillar 
members and the outer frame, honeycomb structures having 
various outer shapes and cell shapes can be manufactured. 
[0054] The method for manufacturing the honeycomb 
structure according to the embodiment of the ?fth aspect of 
the present invention is a method for manufacturing a honey 
comb structure according to the embodiment of the ?rst 
aspect of the present invention, and is performed by using a 
vessel that includes a vessel main body; a mesh formed on the 
bottom portion of the vessel main body; pillar-shaped masks 
that are installed vertically on the mesh perpendicularly and 
in a lattice pattern in a plan vieW, and are used for forming 
cells of the honeycomb structure; and a liquid-?lling cavity 
that forms each space surrounded by the pillar-shaped masks, 
With the mesh serving as the bottom face, into Which the 
mixture is charged. This method includes mixing inorganic 
?bers A and inorganic ?bers B and/or inorganic particles C 
that are melted at a temperature at Which the inorganic ?bers 
A are neither melted nor sublimated; charging the mixture 
obtained by mixing the inorganic ?bers A and the inorganic 
?bers B and/or the inorganic particles C, into the liquid-?lling 
cavity; discharging moisture from the mixture through the 
mesh so that a dehydrated body is formed; removing the 
pillar-shaped masks from the dehydrated body to form a 
pillar-shaped molded body having a number of cells formed 
in the longitudinal direction; and carrying out a heating treat 
ment of the pillar-shaped molded body in Which a number of 
cells have been formed in the longitudinal direction, at a 
temperature equal to or loWer than the heat-resistant tempera 
ture of the inorganic ?bers A, and at a temperature equal to or 
higher than the softening temperature of the inorganic ?bers 
B and/or the inorganic particles C. 
[0055] In the present speci?cation, the method for manu 
facturing the honeycomb structure according to the embodi 
ment of the ?fth aspect of the present invention is also referred 
to simply as “manufacturing method through the three-di 
mensional sheet-forming process.” 
[0056] In the method for manufacturing a honeycomb 
structure according to the embodiment of the ?fth aspect of 
the present invention, the mixture, prepared by mixing the 
inorganic ?bers and inorganic ?bers and/or inorganic par 
ticles, is ?lled into a vessel that includes a mesh on a bottom 
face and pillar-shaped masks that are installed vertically to 
the bottom face mesh perpendicularly to the mesh, in a lattice 
pattern in a plan vieW. The moisture in the mixture is drained 
through the mesh so that a pillar-shaped molded body includ 
ing the inorganic ?bers is formed. By carrying out a heating 
treatment on this, a honeycomb structure that mainly includes 
inorganic ?bers, With the inorganic ?bers integrally formed 
therein, and has a loW pressure loss, can be manufactured 
Without the necessity of complex processes and expensive 
apparatuses. 
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[0057] Referring to the drawings, the following description 
Will discuss the honeycomb structure according to the 
embodiment of the ?rst aspect of the present invention and the 
honeycomb ?lter With either one of the ends of each of the 
cells in the honeycomb structure being sealed according to the 
embodiment of the ?rst aspect of the present invention. 
[0058] FIG. 2A is a perspective vieW that schematically 
illustrates one speci?c example of a honeycomb ?lter in 
Which lamination members for end portions are laminated on 
each of the tWo end portions of the honeycomb structure 
according to the embodiment of the ?rst aspect of the present 
invention, and FIG. 2B is an A-A line cross-sectional vieW of 
FIG. 2A. 
[0059] A cylindrical honeycomb ?lter 1 is formed by lami 
nating lamination members for end portions 10b on each of 
the tWo end portions of a honeycomb structure 1011. 
[0060] The honeycomb structure 1011 mainly includes inor 
ganic ?bers, With the inorganic ?bers integrally formed 
therein, and has a number of cells 11 that are separated by a 
Wall portion (cell Wall) 13, and each of the cells 11 penetrates 
from one of the ends to the other end of the honeycomb 
structure 10a. 

[0061] Either one of the ends of each of the cells is sealed by 
the lamination member for an end portion 10b. Here, the 
lamination member for an end portion Will be described later. 
[0062] As illustrated in FIG. 2B, the cell 11 has either one 
of its ends corresponding to the inlet side or the outlet side of 
exhaust gases sealed, so that exhaust gases, introduced into 
one cell 11, are alloWed to flow out from another cell 11, after 
alWays having passed through the Wall portion 13 separating 
the cells 11; thus, the Wall portion 13 is alloWed to function as 
a ?lter. 

[0063] In the conventional lamination type honeycomb ?l 
ter 100 (see FIG. 1A) formed by laminating a number of 
lamination members 110a including inorganic ?ber aggre 
gated bodies, there are lamination interfaces (see FIG. 1C) in 
Which inorganic ?bers are densely distributed; in contrast, 
since the honeycomb structure according to the embodiment 
of the ?rst aspect of the present invention is not formed by 
lamination, lamination interfaces do not exist therein. 
[0064] The above-mentioned lamination interfaces having 
inorganic ?bers densely distributed make it dif?cult for 
exhaust gases to pass therethrough to cause an increase in 
pressure loss; hoWever, the honeycomb structure according to 
the embodiment of the ?rst aspect of the present invention 
having no lamination interfaces tends to alloW exhaust gases 
to easily pass therethrough, and tends to be free from an 
increase in the pressure loss, therefore, a honeycomb struc 
ture having a loW pressure loss can be manufactured. By 
manufacturing a honeycomb ?lter by using this, the resulting 
honeycomb ?lter can also have a loW pressure loss. 

[0065] Moreover, since the honeycomb structure according 
to the embodiment of the ?rst aspect of the present invention 
mainly includes inorganic ?bers, the honeycomb structure 
tends to be alloWed to have a high porosity. The high porosity 
may make it easier to loWer the pressure loss, and tends to 
alloW PMs to enter the inside of the Wall; since the possibility 
of PMs coming into contact With the catalyst supported on the 
inside of the Wall tends to become higher, it may become 
easier to reduce energy required for burning PMs to a loW 
level. 
[0066] Since the honeycomb structure that includes inor 
ganic ?bers having a high porosity integrally formed therein 
has a small heat capacity, it tends to be quickly heated up to an 
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active temperature of the catalyst by exhaust heat generated 
by the internal combustion engine. In particular, When placed 
right under the engine as a honeycomb ?lter so as to effec 
tively utiliZe the exhaust heat, the effect is advantageously 
obtained. 
[0067] The vertical cross-sectional shape of the honey 
comb structure and the honeycomb ?lter is not limited to a 
round shape, and various shapes such as a rectangular shape 
may be used; hoWever, it is preferable to use a shape enclosed 
only by a curved line or by curved lines and straight lines. 
[0068] In addition to a round shape, speci?c examples 
thereof include an elliptical shape, an elongated round shape 
(racetrack shape), a shape in Which one portion of a simple 
closed curved line such as an elliptical shape or a racetrack 
shape has a recess portion (concave shape), and the like. 
[0069] The honeycomb structure according to the embodi 
ment of the ?rst aspect of the present invention, mainly 
including inorganic ?bers, is formed by these inorganic ?bers 
and an inorganic material, With the inorganic ?bers being 
?rmly ?xed to one another through the inorganic material. 
[0070] Here, preferably, the portions at Which the inorganic 
?bers are ?rmly ?xed to one another are mainly located at an 
intersection of the inorganic ?bers or in the vicinity thereof so 
that the inorganic material is locally located at the intersection 
of the inorganic ?bers or in the vicinity thereof. 
[0071] The ?xed state at an intersection or in the vicinity 
thereof refers to a state in Which the inorganic ?bers are ?rmly 
?xed to one another through the inorganic material that is 
locally located (present) at the intersection of the inorganic 
?bers (With or Without mutual contacts among the inorganic 
?bers), a state in Which the inorganic ?bers are ?rmly ?xed to 
one another through the inorganic material that is locally 
located (present) in the vicinity of the intersection of the 
inorganic ?bers, or a state in Which the inorganic ?bers are 
?rmly ?xed to one another through the inorganic material that 
is locally located (present) over the entire area including the 
intersection of the inorganic ?bers and the vicinity thereof. 
[0072] Moreover, the inorganic material is preferably 
melted and solidi?ed so as to ?x the intersection of the inor 
ganic ?bers or the vicinity thereof. 
[0073] Referring to the draWings, the folloWing description 
Will discuss this arrangement. 
[0074] FIG. 3 is a cross-sectional vieW that schematically 
illustrates one portion of the inorganic ?bers that form the 
honeycomb structure according to the embodiment of the ?rst 
aspect of the present invention. Here, the cross-sectional vieW 
of FIG. 3 illustrates a cross section in Which crossing inor 
ganic ?bers are cut in the length direction. 
[0075] The honeycomb structure according to the embodi 
ment of the ?rst aspect of the present invention, mainly 
including inorganic ?bers, is formed by these inorganic ?bers 
and an inorganic material, With the inorganic ?bers being 
?rmly ?xed to one another through the inorganic material. 
Although not particularly limited, the ?xed state is preferably 
formed so that the portions at Which the inorganic ?bers are 
?rmly ?xed to one another are located at an intersection of the 
inorganic ?bers or in the vicinity thereof, With the inorganic 
material being locally located at the intersection of the inor 
ganic ?bers or in the vicinity thereof. 
[0076] In the case Where, as illustrated in FIG. 3, the inor 
ganic material 52 is ?rmly ?xed at the intersection betWeen 
the inorganic ?bers 51 forming a honeycomb structure 
according to the embodiment of the ?rst aspect of the present 
invention or in the vicinity thereof, the inorganic material 52, 
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?rmly ?xed on a intersection or in the vicinity thereof, serves 
so as to simultaneously couple tWo of the inorganic ?bers to 
each other at the intersection or in the vicinity thereof. With 
respect to the ?xed portion, not only one ?xed portion, but 
also tWo or more ?xed portions are present on one inorganic 
?ber, With the result that many inorganic ?bers are entangled 
With one another in a complex manner; thus, it may become 
easier to prevent untangled inorganic ?bers. Moreover, it may 
become easier to improve the strength of the honeycomb 
structure. 

[0077] In the case Where the inorganic material 52 is locally 
located at the intersection of the inorganic ?bers 51 or in the 
vicinity thereof, many of the inorganic ?bers 51 are coated 
With the inorganic material 52 at the intersection of other 
inorganic ?bers 51 or in the vicinity thereof, With the inor 
ganic material being hardly ?xed to the other portions. 
[0078] In this case, the mutual intersection betWeen the 
inorganic ?bers or the vicinity thereof refers to an area Within 
a distance of approximately ten times the ?ber diameter of the 
inorganic ?bers from the point at Which the inorganic ?bers 
are in closest contact With each other. 

[0079] Moreover, in the honeycomb structure according to 
the embodiment of the ?rst aspect of the present invention, the 
inorganic material 52 is preferably melted and solidi?ed to ?x 
the intersection betWeen the inorganic ?bers or the vicinity 
thereof. 
[0080] By alloWing the inorganic material 52 to be melted 
and solidi?ed to ?x the inorganic ?bers 51, the bond strength 
betWeen the inorganic ?bers serving as the basic constituent 
of the honeycomb structure according to the embodiment of 
the ?rst aspect of the present invention becomes higher, mak 
ing it possible to further prevent untangled inorganic ?bers, 
and consequently it may become easier to further improve the 
strength of the honeycomb structure. 
[0081] The tensile strength of the honeycomb structure is 
preferably set to about 0.3 MPa or more, more preferably, to 
about 0.4 MPa or more. 

[0082] The tensile strength of about 0.3 MPa or more tends 
to provide suf?cient reliability to a honeycomb ?lterusing the 
above-mentioned honeycomb structure. 
[0083] Here, the tensile strength can be measured by form 
ing the honeycomb structure into a sheet shape, With the tWo 
ends thereof being ?xed by jigs, and by measuring this by the 
use of an INSTRON type universal tensile meter. 

[0084] In the above-mentioned honeycomb structure, the 
rate of the intersection of the inorganic ?bers to Which the 
inorganic material is ?rmly ?xed or the vicinity thereof is 
preferably set to occupy about 20% or more of the entire 
intersection among the inorganic ?bers or the entire vicinity 
thereof. 
[0085] In the case Where the rate of the intersection of the 
inorganic ?bers to Which the inorganic material is ?rmly ?xed 
or the vicinity thereof is set to occupy about 20% or more of 
the entire intersection among the inorganic ?bers or the entire 
vicinity thereof, insuf?cient strength in the honeycomb struc 
ture tends not to occur. 

[0086] Here, With respect to the rate of the intersection of 
the inorganic ?bers to Which the inorganic material is ?rmly 
?xed or the vicinity thereof, the calculations are carried out in 
the folloWing manner: a plurality of portions of the honey 
comb structure are observed under a microscope, and Within 
each of the observation vieWs, the number of intersections of 
the inorganic ?bers and the vicinities thereof, as Well as the 
number of intersections of the inorganic ?bers to Which the 
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inorganic material is ?rmly ?xed and the vicinities thereof, is 
counted so that the rate is found, and the average value is 
calculated. 
[0087] The honeycomb structure mainly includes inorganic 
?bers, and is also formed by these inorganic ?bers and an 
inorganic material. 
[0088] With respect to the material for inorganic ?bers, 
examples thereof include: oxide ceramics such as silica-alu 
mina, mullite, alumina, silica, titania and Zirconia; nitride 
ceramics such as silicon nitride and boron nitride; carbide 
ceramics such as silicon carbide; basalt, and the like. 
[0089] Each of these may be used alone or tWo or more 
kinds of these may be used in combination. 
[0090] Among these, at least one kind selected from the 
group consisting of silicon carbide, alumina, basalt, silica, 
silica-alumina, titania and Zirconia is preferably used. 
[0091] This is because the honeycomb structure using these 
materials tends to exert a superior heat resistance. 
[0092] With respect to the ?ber length of the inorganic 
?bers, a preferable loWer limit value is about 0.1 mm, and a 
preferable upper limit value is about 100 mm. 
[0093] The ?ber length of about 0.1 mm or more tends not 
to make it dif?cult to ?rmly ?x the inorganic ?bers to one 
another through an inorganic material, and it may become 
easier to provide su?icient strength. In contrast, the ?ber 
length of about 100 mm or less tends not to make it dif?cult to 
manufacture a homogeneous honeycomb structure, and it 
may become easier to provide a honeycomb structure having 
suf?cient strength. 
[0094] A more preferable loWer limit value of the ?ber 
length is about 0.5 mm, and a more preferable upper limit 
value is about 50 mm. 

[0095] With respect to the ?ber diameter of the inorganic 
?bers, a preferable loWer limit value is about 0.3 um, and a 
preferable upper limit value is about 30 um. 
[0096] The ?ber diameter of about 0.3 um or more tends not 
to cause the inorganic ?ber to be easily broken, With the result 
that the obtained honeycomb structure tends not to become 
vulnerable to Wind erosion. In contrast, the ?ber diameter of 
about 30 pm or less tends not to make it dif?cult for inorganic 
?bers to be ?rmly ?xed to one another through an inorganic 
material, and it may become easier to provide suf?cient 
strength. The loWer limit value of the ?ber diameter is more 
preferably set to about 0.5 um, and the upper limit value 
thereof is more preferably set to about 15 um. 
[0097] With respect to the inorganic material, for example, 
those materials Which are melted at a temperature at Which the 
inorganic ?bers are not melted or sublimated may be used. 
Moreover, those materials Which are melted at a temperature 
less than the heat-resistant temperature of the inorganic ?bers 
are preferably used as the inorganic material. 
[0098] Here, taking the temperature at Which the inorganic 
?bers to be combined are melted or sublimated, the heat 
resistance temperature of the inorganic ?bers or the like into 
consideration, for example, those inorganic materials Which 
are melted at or beloW a temperature of the heat-resistant 
temperature of the inorganic ?bers may be used. More spe 
ci?cally, for example, in the case Where alumina is used as the 
inorganic ?bers, those inorganic materials Which are melted 
at or below 13000 C. may be used. 

[0099] With respect to the inorganic material, those con 
taining silica are preferably used, and speci?c examples 
thereof include inorganic glass such as silicate glass, silicate 
alkali glass and borosilicate glass, and the like. 
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[0100] With respect to the apparent density of the honey 
comb structure, a preferable loWer limit value is set to about 
0.04 g/cm3 and a preferable upper limit value is set to about 
0.4 g/cm3. 
[0101] The apparent density of about 0.04 g/cm3 or more 
tends not to cause insuf?cient strength and consequently 
tends not to make the resulting product more vulnerable to 
damages. In addition, the apparent density of about 0.4 g/cm3 
or less is preferable since this level is suitable for continu 
ously burning PMs. Here, in the present speci?cation, the 
apparent density refers to a value obtained by dividing the 
mass (g) of a sample by the apparent volume (cm3) of the 
sample, and the apparent volume refers to a volume including 
pores and apertures (cells) of the sample. 
[0102] With respect to the porosity of the honeycomb struc 
ture according to the embodiment of the ?rst aspect of the 
present invention, a preferable loWer limit is about 75%, and 
a preferable upper limit is about 95%. 
[0103] The porosity of about 75% or more tends to make it 
easier to raise the inner temperature of the ?lter to a tempera 
ture required for burning PMs in regenerating a ?lter, and also 
to make it easier for PMs to enter the inside of each pore, With 
the result that the continuous regenerating capability of the 
honeycomb structure tends not to be loWered. In contrast, the 
porosity of about 95% or less tends not to make the occupying 
rate of pores too high, so that it may become easier to properly 
maintain the strength of the entire honeycomb structure. 
[0104] In addition, the average pore diameter of the honey 
comb structure according to the embodiment of the ?rst 
aspect of the present invention is not particularly limited, and 
the loWer limit is preferably set to about 1 pm, and the upper 
limit is preferably set to about 100 um. When the average pore 
diameter is about 1 pm or more, PMs tend to be ?ltered at the 
deep layers inside the cell Walls, With the result that the PMs 
tend to be made in contact With the catalyst supported on the 
inside of the cell Wall. On the other hand, When the average 
pore diameter is about 100 pm or less, PMs tend not to easily 
pass through the pores and thus the PMs tend to be captured 
suf?ciently, it may become easier to surely function as a ?lter. 
[0105] Here, the above-mentioned porosity and pore diam 
eter can be measured through knoWn methods, such as a 
mercury injection method using a mercury porosimeter, 
Archimedes method and a measuring method using a scan 
ning electron microscope (SEM). 
[0106] Moreover, in the honeycomb structure according to 
the embodiment of the ?rst aspect of the present invention, the 
distance betWeen adjacent cells (that is, the thickness of a cell 
Wall) is preferably set to about 0.2 mm or more. The distance 
of about 0.2 mm or more tends not to cause degradation in the 
strength of the honeycomb structure. 
[0107] Here, With respect to the distance betWeen adjacent 
cells (the thickness of the cell Wall), a preferable upper limit 
is set to about 5.0 mm. The thickness of the cell Wall set to 
about 5 .0 mm or less is not too thick, the aperture ratio and/or 
the ?ltration area of each cell tends not to become smaller, 
With the result that an increase in pressure loss tends not to 
occur. Moreover, ashes generated upon burning of PMs tend 
not to enter the pores deeply, making it easier to draW the 
ashes. Supposing that an area Within Which deep-layer ?lter 
ing of PMs can be carried out is set as an effective area of a 
Wall for soot capturing, the rate of the effective area relative to 
the honeycomb structure tends not to be loWered. 
[0108] In the honeycomb structure according to the 
embodiment of the ?rst aspect of the present invention, With 
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respect to the cell density on a plane perpendicular to the 
longitudinal direction of the cells, not particularly limited, a 
preferable loWer limit is set to about 0.16 pcs/cm2 (about 1.0 
pcs/in2), and a preferable upper limit is set to about 93.0 
pcs/cm2 (about 600.0 pcs/in2). A more preferable loWer limit 
is set to about 0.62 pcs/cm2 (about 4.0 pcs/in2), and a more 
preferable upper limit is set to about 77.5 pcs/cm2 (about 
500.0 pcs/in2). 
[0109] Moreover, in the honeycomb structure according to 
the embodiment of the ?rst aspect of the present invention, 
With respect to the siZe of a cell as a substantially square shape 
on a plane perpendicular to the longitudinal direction of the 
cells, not particularly limited, a preferable loWer limit is set to 
about 0.8 mm><about 0.8 mm, and a preferable upper limit is 
set to about 16.0 mm><about 16.0 mm. 

[0110] In the case Where an uneven surface such as irregu 
larities are formed on the inner surface of each of the cells 
forming the honeycomb structure according to the embodi 
ment of the ?rst aspect of the present invention, the ?ltration 
area is made larger so that in capturing PMs, presumably, the 
pressure loss tends to be further loWered. Moreover, the 
irregularities tend to alloW the exhaust gas How to form a 
turbulent ?oW, making it possible to reduce the temperature 
difference in the ?lter and consequently it may become easier 
to prevent damages due to thermal stress. 
[0111] Here, the shape of the above-mentioned cell in a 
plan vieW is not particularly limited to a square shape, and any 
desired shape, such as a triangular shape, a hexagonal shape, 
an octagonal shape, a dodecagonal shape, a round shape, an 
elliptical shape and a star shape, may be used. 
[0112] With respect to the preferable aperture ratio of the 
honeycomb structure according to the embodiment of the ?rst 
aspect of the present invention, a loWer limit is set to about 
30%, and an upper limit is set to about 60%. 
[0113] The aperture ratio of about 30% or more tends not to 
cause a high pressure loss When exhaust gases are alloWed to 
How in and out of the honeycomb structure, and the aperture 
ratio of about 60% or less tends not to cause a reduction in the 
strength of the honeycomb structure. 
[0114] The honeycomb structure according to the embodi 
ment of the ?rst aspect of the present invention is preferably 
designed to have a heat-resistant temperature of about 12000 
C. or more. 

[0115] The heat-resistant temperature of about 12000 C. or 
more tends not to cause a breakage such as melting doWn in 
the honeycomb structure When a regenerating process is car 
ried out especially in burning a large amount of PMs at one 
time. 
[0116] The folloWing description Will discuss a lamination 
member for an end portion that is used for sealing one of the 
ends of each of the cells formed in the honeycomb structure 
according to the embodiment of the ?rst aspect of the present 
invention. 
[0117] FIG. 4A is a perspective vieW that illustrates a hon 
eycomb structure and a lamination member for an end portion 
according to the embodiment of the ?rst aspect of the present 
invention, and FIG. 4B is a perspective vieW that illustrates a 
state in Which by laminating the honeycomb structure and the 
lamination member for an end portion illustrated in FIG. 4A, 
a honeycomb ?lter is manufactured. 
[0118] The honeycomb ?lter With either one of the ends of 
each of the cells in the honeycomb structure being sealed 
according to the embodiment of the ?rst aspect of the present 
invention is preferably formed by laminating a lamination 



US 2008/0254254 A1 

member for an end portion 10b With through holes formed in 
a checkered pattern on each of the tWo end portions of a 
honeycomb structure 1011. 
[0119] By laminating the lamination member for an end 
portion, either one of the ends of each of the cells can be 
sealed Without the necessity of sealing the end portion of the 
cell by using a plug member. 
[0120] The lamination member for an end portion is pref 
erably includes the same material as that of the honeycomb 
structure With through holes being formed in a checkered 
pattern, or a plate member including a dense material With 
through holes being formed in a checkered pattern. 
[0121] Here, in the present speci?cation, the dense material 
refers to a material having a porosity smaller than that of the 
material forming the lamination members, and speci?c 
examples thereof include metal, ceramics and the like. 
[0122] When the plate member including a dense material 
is used as the lamination member for an end portion, it may 
become easier to make the lamination member for an end 
portion thinner. 
[0123] With respect to the lamination member for an end 
portion, a material containing a solid metal (dense metal) is 
preferably used. 
[0124] In addition, the application of a plate member 
including a dense material as the lamination member for an 
end portion tends to make it easier to prevent soot from 
leaking through the sealed portion. 
[0125] Moreover, in the case Where a plate member includ 
ing a metal lamination member or a solid metal (dense metal), 
With through holes being formed in a checkered pattern, is 
laminated on each of the tWo end portions of the honeycomb 
structure, it may become easier to prevent Wind erosion even 
after a long time use. 
[0126] In the honeycomb structure according to the 
embodiment of the ?rst aspect of the present invention, the 
folloWing description Will discuss a metal container in Which 
a honeycomb structure With either one of the ends of each of 
the cells being sealed (honeycomb ?lter), or the honeycomb 
structure and the lamination member for an end portion 
mainly containing metal can be installed. 
[0127] With respect to the metal container, speci?cally, a 
cylindrical casing 123 having a pressing metal member 
attached to one of the sides, as illustrated in FIG. 4B, may be 
used. 
[0128] Here, FIG. 4B is a draWing that illustrates the casing 
123, With the upper portion of its cylindrical portion forming 
the casing 123 being omitted, and the casing 123 has a cylin 
drical shape. 
[0129] With respect to the material for the casing 123, 
examples thereof include, for example, metals such as stain 
less steel (SUS), aluminum and iron. Although the shape 
thereof is not particularly limited, it is preferable to use a 
shape that is similar to the outer shape of the honeycomb 
structure to be installed therein. 
[0130] With respect to the speci?c installation method 
using the casing 123, a description Will be given in the section 
of the method for manufacturing a honeycomb structure 
according to the embodiment of the second aspect of the 
present invention later. 
[0131] The folloWing description Will discuss catalysts to 
be supported on the honeycomb structure according to the 
embodiment of the ?rst aspect of the present invention. 
[0132] It is preferable to support a catalyst on at least one 
portion of the inorganic ?bers of the honeycomb structure 
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according to the embodiment of the ?rst aspect of the present 
invention. With respect to the kind of the catalyst, not par 
ticularly limited, an oxide catalyst containing at least CeO2 is 
preferably used. 
[0133] The above described oxide is not particularly lim 
ited as long as it can loWer the burning temperature of par 
ticulates, and examples thereof include CeO2, ZrO2, FeO2, 
Fe203, CuO, CuO2, Mn203, MnO and composite oxides 
indicated by a composition formula AnBl-nCO3, provided 
that in the formula, A is La, Nd, Sm, Eu, Gd orY, B is an alkali 
metal or alkali-earth metal, and C is Mn, Co, Fe or Ni. 
[0134] Each of these catalysts may be used alone, or tWo or 
more kinds of these may be used in combination; hoWever, the 
catalyst preferably contains at least CeO2. 
[0135] By supporting such an oxide catalyst, the burning 
temperature of particulates tends to be loWered. 
[0136] The amount of the supported catalyst is preferably 
set to at least about 10 g/l and at most about 200 g/l With 
respect to the apparent volume of the honeycomb structure. 
[0137] The amount of the supported catalyst of about 10 g/l 
or more tends not to cause many portions of the Wall portion 
of the honeycomb structure in Which no catalyst is supported, 
With the result that a reduction in the possibility of PMs 
coming into contact With the catalyst tends not to occur, and 
it may become easier to suf?ciently loWer the burning tem 
perature of PMs. In contrast, even When the amount thereof is 
more than about 200 g/l, the possibility of contact betWeen 
PMs and the catalyst tends not to be improved so much, so 
that the amount of the supported catalyst is preferably set to 
about 200 g/l or less. 
[0138] The method for manufacturing the honeycomb 
structure according to the embodiment of the ?rst aspect of 
the present invention is not particularly limited, and various 
manufacturing methods may be used, and for example, any of 
the folloWing methods for manufacturing the honeycomb 
structure according to the embodiments of the second to ?fth 
aspects of the present invention may be used. 
[0139] Here, in FIGS. 1A and 1B, each of the lamination 
members 11011 that includes inorganic ?ber aggregate bodies 
and forms the honeycomb ?lter 100 is manufactured by pro 
ducing, by a sheet-forming process, a slurry prepared by 
adding a su?icient amount of Water to inorganic ?bers, an 
organic binder, an inorganic binder and the like by using a 
mesh. In the case Where the slurry is produced by the sheet 
forming process into the lamination member 11011, inorganic 
?bers tend to be distributed on the surface portion of the 
lamination member 11011 more densely in comparison With 
the inner portion thereof. 
[0140] Moreover, in the case Where the lamination mem 
bers 11011 are laminated With a pressure applied thereto so that 
a honeycomb ?lter is formed, since the surface portions, 
Which have inorganic ?bers more densely distributed of the 
lamination members 11 0a, are made adjacent With each other 
and compressed, the inorganic ?bers tend to be more densely 
distributed on each lamination interface 114 (see FIG. 1C) 
that forms each border portion of the lamination members 
11011, in comparison With the other portions. 
[0141] Here, it is more dif?cult to alloW exhaust gases to 
pass through portions in Which the inorganic ?bers are 
densely distributed than to alloW them to pass through the 
other portions; consequently, When such a lamination inter 
face in Which inorganic ?bers are densely distributed is 
formed, the pressure loss in the entire honeycomb ?lter tends 
to be increased. 
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[0142] The honeycomb ?lter including inorganic ?ber 
aggregated bodies has a pressure loss loWer than that of the 
honeycomb ?lter including ceramics; hoWever, When there is 
a portion With inorganic ?bers densely distributed, exhaust 
gases are alloWed to preferentially ?oW through a portion 
With inorganic ?bers sparsely distributed, With the result that 
it may become dif?cult to use the entire Wall effectively, 
sometimes it may become dif?cult to reduce the PM burning 
energy to a loW level. Therefore, in an attempt to manufacture 
a honeycomb ?lter by using inorganic ?bers, there have been 
strong demands for methods for preparing a honeycomb ?lter 
that is more homogeneous, and has a loWer pressure loss. 
[0143] In the honeycomb structure according to the 
embodiment of the ?rst aspect of the present invention, in the 
case Where a honeycomb structure mainly including inor 
ganic ?bers, With the inorganic ?bers integrally formed, is 
manufactured, since no portions in Which the inorganic ?bers 
are comparatively densely distributed exist in the inside of the 
honeycomb structure because there are no lamination inter 
faces in the honeycomb structure, and since an increase in the 
pressure loss, caused by the existence of the above-mentioned 
portions, tends not to occur, it may become easier to manu 
facture a honeycomb structure having a loW pressure loss. 
[0144] Moreover, a honeycomb ?lter With either one of the 
ends of each of the cells in the honeycomb structure being 
sealed according to the embodiment of the ?rst aspect of the 
present invention, Which is prepared by sealing either one of 
the ends of each of the cells in the honeycomb structure, tends 
to be a honeycomb ?lter having a loW pressure loss. 
[0145] The folloWing description Will discuss the above 
mentioned method for manufacturing the honeycomb struc 
ture according to the embodiment of the second aspect of the 
present invention in the order of processes. 
[0146] First, the mixing process is carried out so that a 
mixture is prepared by mixing inorganic ?bers A and inor 
ganic ?bers B and/ or inorganic particles C that are melted at 
a temperature at Which the inorganic ?bers A are neither 
melted nor sublimated. 

[0147] With respect to the inorganic ?bers A, the same 
inorganic ?bers as those listed in the description of the hon 
eycomb structure according to the embodiment of the ?rst 
aspect of the present invention may be used, and at least one 
kind selected from the group consisting of silicon carbide, 
alumina, basalt, silica, silica-alumina, titania and Zirconia is 
preferably used. 
[0148] This is because it may become easier to manufacture 
a honeycomb structure having a superior heat resistance. 
[0149] The inorganic ?bers B and/ or the inorganic particles 
C are not particularly limited as long as they are melted at a 
temperature at Which the above-mentioned inorganic ?bers A 
are not melted. The inorganic ?bers B and/ or the inorganic 
particles C preferably include silica, and speci?c examples of 
the inorganic ?bers B include inorganic glass ?bers contain 
ing glass such as silicate glass, silicate alkali glass and boro 
silicate glass, and the like, and speci?c examples of the inor 
ganic particles C include inorganic glass particles containing 
glass such as silicate glass, silicate alkali glass and borosili 
cate glass, and the like. 
[0150] Moreover, With respect to the inorganic ?bers B 
and/ or the inorganic particles C, those Which are melted at or 
beloW a temperature of the heat-resistant temperature of the 
inorganic ?bers A are preferably used. These inorganic ?bers 
B and/or the organic particles C are softened in the beloW 
described heat treatment process to form inorganic materials 
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in the honeycomb structure according to the embodiment of 
the ?rst aspect of the present invention. 
[0151] With respect to the ?ber length of the inorganic 
?bers B, a preferable loWer limit value is about 0.1 mm, and 
a preferable upper limit value is about 100 mm. 
[0152] The ?ber length of about 0.1 mm or more tends not 
to make it dif?cult to ?rmly ?x the inorganic ?bers A to one 
another by using an inorganic material, and it may become 
easier to provide suf?cient strength; in contrast, the ?ber 
length of about 100 mm or less tends not to make it dif?cult to 
uniformly disperse the mixture in preparation thereof, With 
the result that, in heating in the post process, there tends not to 
be a reduction in ?xing portions at an intersection of the 
inorganic ?bers A or in the vicinity thereof due to the failure 
to uniformly disperse the inorganic ?bers B and/or the inor 
ganic particles C. 
[0153] A more preferable loWer limit is about 0.5 mm, and 
a more preferable upper limit is about 50 mm. 
[0154] With respect to the ?ber diameter of the inorganic 
?bers B, a preferable loWer limit value is about 0.3 um, and a 
preferable upper limit value is about 30 um. 
[0155] The ?ber diameter of about 0.3 um or more tends not 
to make it dif?cult to mutually anchor the inorganic ?bers A 
With one another by using the inorganic material, and it may 
become easier to provide suf?cient strength. In contrast, the 
?ber diameter of about 30 pm or less tends not to cause a 
reduction in ?xing portions at an intersection of the inorganic 
?bers A or in the vicinity thereof. 
[0156] With respect to the particle siZe of the inorganic 
particles C, a preferable loWer limit is about 1 pm, and a 
preferable upper limit is about 100 pm. 
[0157] When the particle siZe is about 1 pm or more, a 
coagulant is not required, and it becomes easy to uniformly 
disperse the particles. In contrast, the particle siZe of about 
100 um or less makes it easy to uniformly disperse the mix 
ture in preparation thereof, With the result that, upon heating 
in the post process, there is a reduction in ?xing portions at an 
intersection of the inorganic ?bers A or in the vicinity thereof 
due to the failure to uniformly disperse the inorganic ?bers B 
and/or the inorganic particles C. 
[0158] In mixing the inorganic ?bers A and the inorganic 
?bers B and/or the inorganic particles C, the blending ratio 
(Weight ratio) of the inorganic ?bers A to the inorganic ?bers 
B and/ or the inorganic particles C preferably falls in the range 
ofabout 2:8 to about 8:2. 
[0159] About 2:8 or more of the blending ratio of the inor 
ganic ?bers A tends not to cause the inorganic material to be 
easily ?rmly ?xed in a manner so as to coat the entire surface 
of each inorganic ?ber, With the result that insu?icient ?ex 
ibility in the resulting honeycomb structure tends not to occur. 
In contrast, about 8:2 or less of the blending ratio of the 
inorganic ?bers A tends not to cause a reduction in the ?xing 
portions betWeen the inorganic ?bers, With the result that 
insuf?cient ?exibility in the resulting honeycomb structure 
tends not to occur. 

[01 60] Here, in preparation of the mixture, a liquid medium 
such as Water, and a dispersant may be added thereto, if 
necessary, so as to uniformly mix the inorganic ?bers A and 
the inorganic ?bers B and/ or the inorganic particles C. More 
over, an organic binder may be added thereto. The addition of 
the inorganic binder alloWs the inorganic ?bers A and the 
inorganic ?bers B and/or the inorganic particles C to be surely 
entangled so that, even prior to a ?ring process, the inorganic 
?bers B and/or the inorganic particles C are made to be hardly 
























